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Shiga-toxigenic Escherichia coli (STEC) 0157 occurrence was determined along the entire gastrointestinal
tract (GIT) of each of four naturally shedding cattle and at three sites in 61 slaughter cattle. STEC 0157 was
distributed along the entire GIT, though interanimal distribution was variable. Neither feces nor rectoanal-
junction samples accurately predicted the STEC O157-negative status of any particular animal.

Shiga-toxigenic Escherichia coli (STEC) O157:H7 colonizes
the gastrointestinal tract (GIT) of healthy adult cattle, as evi-
denced by the natural and frequent occurrence of STEC O157
at the beginning (i.e., oral cavity) and end (i.e., rectal feces and
rectoanal mucosa [RAM]) of the bovine GIT (7, 8, 12). Dis-
tribution of STEC O157 along the entire GIT has also been
investigated in experimentally challenged livestock (4, 6, 9, 13),
but these various challenge models may not accurately reflect
natural bovine STEC O157 GIT infection or colonization sites.
The objective of this study was to qualitatively determine via-
ble STEC O157 occurrence along the entire GIT of naturally
shedding adult cattle, including both mucosa and ingesta. We
hypothesized that this distribution of STEC O157 would not be
limited to the distal large intestine.

Four adult female mixed-breed beef cattle (Table 1) identi-
fied as shedding STEC O157 by fecal culture were humanely
euthanized according to animal care and use guidelines. Sec-
tions at a total of 16 sites along the entire GIT (Fig. 1) were
removed aseptically immediately posteuthanasia. Double-li-
gated sections were surface sterilized, a lateral incision was
made in each section, and the solid or semisolid ingesta was
gently removed while taking care not to scrape the underlying
tissue. All remaining visible ingesta was removed using a
stream of sterile water to rinse the tissue. The GIT tissues (10
g) and their adjacent luminal contents (ingesta, 10 g) were
cultured for STEC O157 separately and in duplicate using
selective Brilliant Green Bile broth enrichment, immunomag-
netic separation (IMS), and selective agar plating on ChromA-
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gar O157 with reduced tellurite as previously described (3).
Suspect isolates were confirmed as STEC O157 by enzyme
immunoassay for the O157 and H7 antigens (5, 14) and by
PCR for Shiga toxin (stx; and stx,), intimin (eae), hemolysin
(hly), O-antigen (1fbE,57), and flagellar (fiCyy;) genes (10).

Culture results from the four euthanized animals are sum-
marized in Fig. 1. Results for the rectal ingesta (feces) of these
animals were considered to indicate the presence of STEC
0157 by fecal culture alone. STEC O157 distribution in the
GIT was highly variable among animals. STEC O157 was
found only in the small intestines of animals 1 and 3 (ingesta
and tissue positive). The liver of animal 1 was also culture
positive. Animal 2 was STEC O157 positive along the entire
GIT, including the upper GIT, the rumen complex, the small
intestine, and the large intestine. Animal 4 was culture nega-
tive at all GIT locations.

In a separate set of experiments examining mucosal and
ingesta samples from one site each in the distal small intestine
(ileum), distal large intestine (mid-rectum), and rectoanal
junction (RAJ) of 61 fed cattle at processing whose STEC
0157 shedding status was unknown, fecal STEC O157 culture
underestimated the prevalence of STEC O157 present along
the bovine GIT (Table 2). Whereas 19/61 animals (31%) were
STEC 0157 positive at any site, only 5 (26%) of these were
fecal culture positive. These fecal culture results, taken alone,
indicate a prevalence of only 8% (5/61). Additionally, 15/19
STEC O157-positive samples (78.9%) had positive tissue cul-
tures and 10/19 (52.6%) ingesta samples had positive cultures.
There were six animals (31.6%) that were both ingesta and
tissue positive at any of the three sample sites, while nine
animals (47.4%) yielded a STEC O157-positive culture only
from tissue samples and four animals (21.1%) yielded a STEC
O157-positive culture only from ingesta samples (Table 2).
STEC 0157 isolation from the ileum, mid-rectum, and RAJ of
the 61 animals showed that STEC was present at all locations,
with prevalences of 11.5% (95% confidence interval [CI], 4.7 to
22.2),16.4% (95% CI, 8.2 to 28.1), and 21.3% (95% CI, 11.9 to
33.7), respectively (Table 3).

Our data show that STEC O157 can be isolated from tissues
throughout the cattle GIT, including the tonsils, reticulum,
rumen, omasum, abomasum, duodenum, jejunum, cecum, Spi-
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TABLE 1. Animals used in the necropsy study ral colon, rectum, and even the liver, suggesting that STEC
Animal no. Age (yr) Body wt (kg) Description 0157 is broadly adapted to many cattle GI mlcFohablt'ats. Itis
- not known whether the bacteria we detected using enrichment
1 6.0 870 Pastured cow, postpartum paresis methods represented resident or transient strains. Recent
2 1.9 422 Pastured heifer, postpartum paresis dies deb h le of the bovi lbladd f £
3 15 498 Healthy feedlot heifer studies debate t CFO e' o t ¢ bovine gallbladder a.s a focus o
4 15 484 Healthy feedlot heifer STEC 0157 colonization in cattle (6, 13 11). While gallblad-
ders were not examined as part of this study, our results
showed that STEC O157 can be found throughout the bovine
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FIG. 1. Composite schematic of the mouth-to-rectum distribution of STEC O157 in tissues and luminal contents at 16 sites in the GIT of four
naturally infected cattle (frontal plane, dorsal view). Numbers refer to tested animals 1 to 4.
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TABLE 2. STEC 0157 isolation from mucosa and ingesta samples from one site each in the ileum, mid-rectum, and RAJ of 19 of 61 cattle
of unknown infection status at processing”

Ani Tleum mucosal Ileum Rectal Rectal ingesta Rectoanal Rectoanal Total no. No. positive/3

imal no. . . . . o ST
tissue ingesta mucosa tissue (feces) mucosa tissue mucosa swab positive sites
2 0 0 0 1 1 0 2 2
5 0 0 0 0 1 0 1 1
6 0 0 0 0 1 0 1 1
7 0 0 0 1 1 1 3 2
8 0 0 1 1 1 1 4 2
15 1 0 0 0 0 0 1 1
17 0 0 1 0 1 0 2 2
19 0 1 0 1 0 0 2 2
20 0 0 1 0 0 0 1 1
21 1 0 1 0 0 0 2 2
23 0 0 1 0 0 1 2 2
28 1 1 0 0 1 0 3 2
29 0 1 0 0 0 0 1 1
34 0 1 1 1 1 1 5 3
37 1 0 1 0 0 1 3 3
44 0 0 0 0 0 1 1 1
45 0 0 0 0 0 1 1 1
51 0 0 0 0 1 0 1 1
58 0 0 1 0 0 0 1 1

Total 4 4 8 5 9 7 NA NA

¢ Animals that were culture negative at all sites (n = 42) are not shown. 0, negative; 1, positive; NA, not applicable.
® Number of sites (ileum, rectal mucosa, or RAM) that contained a positive sample.

GIT. Like others, we also isolated STEC O157 from tonsils and
cecums (1, 2).

Research with artificially challenged animals suggests that
the RAJ is the principal site of STEC O157 colonization in
cattle (9). These conclusions were based, in part, on a failure to
isolate STEC from rumen and ileum mucosa samples. We
obtained samples from a larger number of GIT sites and were
able to detect STEC O157 in a larger proportion of non-RAJ
samples than Naylor et al. (9). Lim et al. (8) also concluded
that the RAJ was the site of colonization because of an inabil-
ity to culture STEC O157 from non-RAJ samples. Since we
were working with naturally occurring STEC O157 strains, we
were able to incorporate an IMS step into our protocol, which
likely increased the sensitively of our detection method. Naylor
et al. (9) used a marked STEC O157 strain that prohibited the
use of an IMS step, and Lim et al. (8) also did not use IMS.
Unlike Naylor et al. (9), we did not quantify STEC O157 or use
immunochemistry to try to determine colonization status. Our
results, based on culture of STEC O157 from 65 feedlot beef
cattle that were naturally exposed to STEC O157, suggest that
the dynamics of actual STEC O157 infections in the cattle GIT
may involve more sites than just the RAJ. While no single
sample site accounted for all of the positive animals, RAM

TABLE 3. Prevalence of STEC O157 in the ileum, mid-rectum,
and RAJ of 61 fed cattle at processing

No. of cattle
% Prevalence

GIT location

STEC 0157 STEC 0157 (95% CI)
positive negative
Ileum 7 54 11.5 (4.7-22.2)
Rectum 10 51 16.4 (8.2-28.1)
RAJ 13 48 21.3 (11.9-33.7)
Any of 3 sites 19 42 31.3 (19.9-44.3)

tissue samples from cattle presented for slaughter were the
most likely of the sites sampled to yield a positive result.

Based on STEC O157 culture and isolation from multiple
sites along the entire GIT of naturally shedding cattle, fecal
shedding greatly underestimates the true extent and preva-
lence of STEC O157 occurrence in the bovine reservoir. While
a positive STEC O157 culture from any bovine GIT site indi-
cates the presence of the pathogen, no single sample type,
including feces or the RAM, can accurately predict the STEC
O157-negative status of any particular animal. Our data sug-
gest that there is high animal-to-animal variability in the loca-
tion of STEC O157 in the GIT and that the small intestine may
support STEC O157 colonization.
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